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[^141 

[^4 

*£44 #4^ H o v ^ ^ i4 »<J-$ {METHOD OF CLEANING A PROCESSING 

CHAMBER AND METHOD OF MANUFACTURING A SEMICONDUCTOR DEVICE} 

£ l£ §44 ^ l~§:..£#*Kr 4514 £44 445144. 

51 2^r #efl4 #4-il- ^*Kr 4444 4^ 445144- 

51 3£ .^Efl4 #4^# H44tt ^44 4tt 445144. 

51 4fe #44 *»44 €4\3 °o v ^-i- £*fl4-§- 4^44 W ^ 44 44514 

4- 

51 5fe £ 444 4^ #s ]^ ^.g. ^|^s>7l 44 445144. 

51 6?- £ #^<>11 4^ ^44 #4^ 44 -g: i|444 44 4451 4. 

51 7^ £ t^ofl 4^ #4^ 44* 5144 445lol4. 
51 8-B- 44^1 4€- €4^ 44^tr 4444 44 xf-5144. 

51 9^r € t^ofl 4^ 44 ^4°114 ^12 °H4# €^44 44 3H 

4^5io] 4. 

51 10-8- £ 44°11 4# 414 t^4^r 4444 44 445144. 
51 n£ £ #4^1 4# °il4 t44^§- 1H44 44 445144. 
51 i2a^ £ 444 4# ^44 #44 4*?H1 44 $144 d Bt°I1 4€- 44 1 
#7>4(P/C adders)4 444 ^e}|*°]4. 
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10 : 7]^: 20 : ^/asfl^l <*j<^ 

22 : ^4? #. 30 : ^<£^ 

34 : 120 : 

122 : ^ ^^A}o]c % 130 : 

132 : ^ f 134 : 

200 : «^|h] 205 : 

210 : ^Sl ^B) 220 : ICP 

230 : 4°H^ *o V *l 240 : ^£ 

250, 252 : -fr^ 270 : ^(quartz bell jar) 

275 : 4^-3(quartz mask) 

£ H a V ^-& #5^1 i^f ^12: ^ ^ ^3 "o^l ^-2.3.^, 

*Ml*r7l|-fe sj-SJ- 7^ ^(Chemical Vapor Deposition: CVD) ^ £ ^3£^) 



10200^64554 <H4: 2002/11/12 

7}% ^ 1-^1- ^ f ^ ^ iflfij lr^## ^)^^>7l 3*1 #s]^ ^oj| 

tilt^l "$x)7\ JL^n&*\] t\z}<#-% (design rule), oj]# #3, H 

$4^3 sfl^ ^o] ( oj}^w aflAj ^o] (width), ufl-id #3 HL^ §3 37] f-o} 

^( scale-down) 4 :2 &4. Zi 14, £5^1 7]4 ^ofl ^4^ g.Efl ^(contact 
hole)^ f^«l (aspect ratio)5L ^7}*}jL &4. ^Uj #4 ^«14 ^ *4 a] 
T^o)) tfl^- ^o} |lo]o] y] o,^. SH^tf. 

°14 ^MH 2144, E) ^(sputtering) ^'<fl 4*»l ^44 ^^lMAl) 

SLS. ^4 4^34 Bfl^(wiring) g ^^te g 7}4^M ?Hr4. 

^11- 1"^, Jl^sH S]*fl ufl^i #3: g^S) ^(contact 

resistance)-^ ^V^Jl, #44^ 44 44 £.5.^ (step coverage)^- 4^44. °H 
44, 44 ^ 444°1 ^ *4 4-E-f (window) <H|4 444 £ ^444. 5&4 

, g¥4w 4£ 4^ ^ ^'E^^elolA^eiectromigratioin) ^^Hl 44*H 4 
44 ^ $171 nfl^-ofl 4£ Al^-j. 

#a] ? 17] 34 444 4^ 4# #s]3( m etal plug)7> 4*144 #t).. oj ^-f f 

44 a A 4-r- H4#4 A>oio)l 7 fl^£j ^oiu| (Inter Layer Dielectrics; ILDH ^ 

^ ^^4Jl, ojE^l ^ifl ^4 ^ #£^ZL7} Dfl^sjo] 4* ^ 5l4^-§- 4 

7lajo_^ <£444. 
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# 7>*H, #4^4 ^cfl ^j-SJ- 7]^- ^2}- (Plasma Enhanced Chemical Vapor Deposition; 
PECVD) "<HH H>^4. 
<3i> £ l^ ^HflSl ^ £t§}^ tiV^^l £4* ^rf^i Sj-W 4^-£# £ 

a)*v ^ ^ ^ i-o)i ^ teinl- f^J-# al£^ i4 ^13: 

■^o] oj c A }^ ^ojcf. 51 ^o^, &E*fl 7l#(10)# ^ E] « °J g 

^^(15)0.5. *<H?b cf-g-, 71^(10) #7_V €<£4(30)-|- 3#^:4. 
<32 > ^£4(30)4 te^l 7] #(10) 4°Hl^r ^7)1=1 SflieH 44 ii/EEfl 

<?1 «S^(20)°1 91^, °1 ii/^5l°J ^(20)-^ te^ll 713&U0H 

^ IK ion implantation) y 0 Vt £ ^3 4 ^£4. 

<33> ^/tn^o] o^o3 ( 20) ^ =4? #5^(50) #2] ^71 $#444 ^Sj] # 

-£^1 4 #(10) ^H] ^el4°lH(metal silicide) #(22)4 ^#4. ^H}4 

4H #(22 W tfl-g-^H #4 ^<£4(30Htt ^ 44 f-^fl ^44. 4 1 

7) #4 *1<34(30) ^Hlfe ^E}^-(Ti) ^ E}EH4TiN)4 

4. #7], E}EHr ^ =i4 4£ «l]2l4(barrier)5.4 7 ]^*H , zi -#vf ofl 13^ 

€(W)4 f^=M f^ILt ^^4- Hl^(Ti) 4£ 44 44 #2]- Srr *g 
^oj] ^ 1- ^ f4 1144(30) 4°fl ^444. 

<34> ElE}^-(Ti)5|- -S-ofl-b ^^^(TiN) 4°1 44 44 #4 

2}*fl4 ^434, 34^(1044 oRV7MJl Us}- El^(TiN) 4£ ^ 444 (metal 
barrier)^ 7]^4. 
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JEth fe^(50)5f iii/Ee)l°a ^(20) Aj-ojo] ^ o^j.^ ^ 

£.^/j=eflo] <g^(20) ^°)lr ^^A>olH #(22)o] ^^4. ^ ^ ^Aj-o]^ 

#(22)£ ili/£efj ^(20)4 Aj-«oj) ^je]^ ^ #5^(50)5] a}-o]o} 

-S.^ ^(ohmic layer)^ <^-gr ^«8$4. 5E^r, ^fiUH^- ^( 22 )-8: 

a^L sj-^-£]^r 31-8: y 0 Ms|-7l sJ-aj. ^(diffusion barrier layer ) ^ ^ 

^iH^S ^ ^^AfolH ^(22)^ E]E}^ ^&)A]-o) = ( T iSi 2 )4 Hfj^ ^e)AH 
H(PtSi 2 ), -tf ^elAVoi^(p d si 2 ), sfe ^e)A>oiE(CoSi 2 ) SEfe ^elA>o] = 
(NiSi 2 )4 ^^Afo]r= s ^5)4. If-*], ^B)A>o)^(CoSi 2 )^ ^ 900 

°C jI^^HS. o\^} 7 ) nD^ofl, 0)4 7^ =7^-e ^e)A>0lH ^H] ^ 43j-l- ^ 

% ^^^^ ^*Kr ^*<H 7Br<5}4. H^h ^ 16~18*10- 6 £-cm ^gSLS] # 

-& 4^oKp)-i: 7f.x| 7 ] nfl^] ) Hj-tr*)) 7 I.^} . cfl^H 7 fS ^^-S ^e]Afo|£.. ^oj 

^efl^-4ri2l TflojE ^0} c>h+^| o^ 7 > 34^ xV*]-§- 7>^14. 

eRo), -itS ^^A>o]c^. ^Efl^ Alz^o] 7}^$>JL, E^E}-^ ^S]Afo]c( T iSi 2 )o)] ti) 
*H ^2}^f Al^-A] 451^711 ^43*1 &TrtHr 

n^o] Aj^Afol^ 4^)4 A^-g; M^v} 4^ #713 
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<38> 5L 2 ^ -£ 3£ E ^>2! 1-B^# ^*Rr ^-§- 3R> ^^£1- 

<39> ;£ 21- ^s]-^, a>E^] /)iiV(10) IE. o] s^^i 

^€ ^ d *J*H dt£i/i=ell<?] ^(20)^- ^-^4. °1<>H, ^ ^e^H 

— ^^7} 5}-^- 7l# 5Efe o)^og ^0.3. i^/Heflo] 

/HBfl*! <^(20) 4H1 ^*M*H = #(22)^ ^*V4. wH^^Ml^r, ^ 

o)- #(22)# ^^^>7l ^*fl El^(Ti) HL^r S^ v S(Co)7> 4-§-*M , oH-o] tiJ-£^ 
71^(10)4 ahg-sH e]eBt ^&Kol^(TiSi 2 ) ^jyJ-E ^e}4o)j=(Co$i 2 ) $j 

<40> 5L 3# %^f^, i±^5j-(24)-i; *HtRV v] -Z , * >JelAHE #(22)o] ^ £ uV 

-SL^l 71^(10) ^Hl #?> ^^^-(30)^ eflxlA lf o|^-*]- a>^1 aiz]- 

(photolithography) ^sfl ^<3^(30H ^ *(32)^ ^*)# aflE^tV ^, 

^fl 4i^/H.efl^l oj« ( 2o)-i : ^ ^(32)^8: ^i^. °1 ^ ^ 

^ t-(32)^ ^ A14 ^ ^ui ^(32)^1 x^ofl ^ ^a}a>o1 = 

^(20)^ ££ofl ^^(34)^1 ^ flo^, a]zJ-o| £#SH=. Ir^l-ol 

^ 5tl4. u Jr£^l 7RKl0)-£ ti}£7| 3$ 7 ^o|: sH, ^3 

Ml- o]^8flo> ^ ^-f cfl7lsj- ^#^7)1 €4. °H, <L>S)- i a]-(34)^ *>>5L*1) 7]£(10) 
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/^]}o] o^ (20 ) * ^ #e1n(50) A>o]ofl 7fl7fl^^ ^ 7 )2j Ir^Ml § ^ 

<4i> ofeM, ag} t-(32)^l #eizL(50)l- ^^?]-7l fl^fe #b^zi# 

^-§-(40, 45)-ir ^W7l *H1 ^ i ( 32) iflofl u-o}o^ >£s}-eK34) ^ 7]e}- ir£l-£ 

(pre-cleaning)°l5} ^Vc}. 

<42> ^gflo^ 5}-*V 7l^> ^ofl ojo^, Sj-*}- 71^ f^H) ^*fl ^Ef^-(Ti) ^ 

(pre-cleaning) >&^i: 0 l °1 u l *fl^H 91^. ^*\)^, WMli )/ W^EHrCTiN)^ 
^ 7]# ^ ^^j-^S Unity-EP(H£-^ Tokyo Electron^) #«HH 

sn} ofl^J -g-^-^ ^|^-Al #(ex-si tu)3- ^l^^H <i y l <i y l 

<43> $£,#7] Unity-EP ^l^r 2.^t ^H>H 7l^ ^-7>^r ^ Si 0.^ , Jl^r 

4(RF) <*\M £l-(Pre-Cleaning Etching Module: PCEM)^ 

ufl, o]^6\] it^s -g-^ a]t>^ ^ oio^- no ii <4^> throughput )JE 
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<44> ^sflo] >fl^o] aj-^o. o^tiV^ jojl ^ ^ tflafl^ ol-e^(Ar)^ °l-§-4 

#4^4 cfl^l^ ^*34^ 3}^- ^o.S 44. n&|4, ol<4 ^o] o>e^( Ar )-i- °)&& 
H44 O.S oflw] #^4# SRr 44£ 4^4 3Hr4.. 

<45> £ 4^r #2fl4 *£44 4*344 444 duS-^/^efl^] ^ 

<34 44 -£-4 £ A)4 ^0.^4, 0>S^ Ol-g-^j- ^^(RF) 

#4^4 ofl^l^- 45.47)] ^^sH 44 4444^ ^(22)o] ^] 7 > £444 ol 

4. 4, 44 4i444^ ^(22) 44 ^44 444(oxide) SE^r *11444 4 

4 J1^4(RF) #4^4 n=^Hr ^-f4^r 44 4444^ #44 t±o) Aiz}- 

€ 4 44^ sm. 

<46> SE^-, ofl^l 3=444 ^ 4^A)-o]t= #o) 445)4 444^ 4<£ 

444 i-f 4444, 44 3^44 44 444 wIJl^:^^ |£4: 44 

444 t^oi, 41- ^44 44 44£ 4444 4i 44 4-^4 -£44 44. 

44^ 3ts 4444^ # 44 ^4 44444 4£#-§- 4444 44 444 

^1-^1-^4 ¥44 44 ^44 ¥?1]4 stM 444°1^ #4 4444 

444 4£4 ^44 444 444 4^ 44. 

144°) °1^4 4^ 4#4 441 

<47> 444, £ 444 44£- ^4 4444^ #4 444 44 4^ 4^41- D=tf 
44 ^4 4444H %9\ ^Aj-o. ^^.^ oi fe m9] m ^ yj\ 

°14. 
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<48> £ «v^4 c|e 42.3.0. ^ ^4 ifls] 4^1# ^1^: ^ €3 

< 49 > M. ^4 S-ajl-i- ^^71 £ «>^4 «HM$ ^HHl 4^3, 

4^ ^4 HHH ^(H 2 )# H#*Hr ^7}^ t^4# 4-§-^H #5^1 7] 

£ #4 l-ei-^ ^U 1 *^ *H ^3-^4 *]|44^ #7fl * 4 

4 afl^f. 4^7)] ^2 £^7V^4 #4^41" °l-§-*H °H^Hr #7fl# i^s>^ 
44 ^€4, <^7H, 4^7)1 ^7^4 f-g- ^« o. ^t}*] 

<50> # 7 ) 41 ^7}^ 4-^(Ar) ^ <r^(H 2 )# if^Rr ^r^^Kf. *)U £ 

t7}i°H #5}^> ^ ^f, ^ ^4*H^- % % AlSj.nV 

(oxide) 4°)^ ^4«- ^4*M1 <r ^"ir -g-<>l«r7fl 2: 

<51> #43.n> ^6\}A\ ^(H 2 )# ^\%^ ^-f ^-4^ ^2*H 

S)*IH e}4^(radical)S >£^H , £^ eN^£ ^H^l aV-g- 444 -g-oj^j ^ 

A]j^ ^Eflo] ^^.-^ *%^\t\] ^Cf. ^l^M #51*1 7} 

^lelsfr <$*M n ] , ^4: 1^-1-8: *KE*)1 7)# tfafl *g4^ 

44f-4 ^ ojo]ol 44. cfAl ^ 5}^)^ S^S(Co), 

(Si), -£4^ ^Afolj=( S i0 2 )4 £-§-*Rr 3 £H5L 43 4 <3 *S4 

(Quartz belljar) ^ 4-£4 4^°1 444^ M°i 4i3(Quartz maskHl ^ 
^ ^-a>o]h ^£4 4€- Itt ^HflS. 44 ^4 MH *r#^ ^ 9XSL*\, o) 
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eR> ^f-l-^r 4^ *)e|*Hir f-<£ 7]^- #o)) ^0^4 ^ >S H 

< 52 > t^t>Hl €^sf€ ^ l»l tfPM ^fl^T <*Jel^ .Wh 

*j£4 ^l-^H ^4°lB HH ^-o.^ ^-Efls =r °1^>I1 ^ 

# i^-s}^ ^b}^ ^-A}oi£L o}^ 4^. wv^afl 71^^ ^*cHH W# 

si ^-8-^-7(1 34. 

<53> £ ^^-^ *fll £^7}^] fi]^ afll 31^5X|-(RF) #4^4 <H1^1# ^*3*1 

^ , sje] ;gwHH ^7^*1 ^■Efl^-H ^ ^#-§- ^ ^12 ?f7}it 

<>l-g-# *)l2 31^4 ofl^l -g-^-g- ^*|*H ^ ^ #^4fe ^ ^£"g- ^71 s} 

tt ^ *r4- ^2 ^^"7>i^ £#?M 4^47)1^ 

^12 ^7}^ 0fHa( Ar )O5. ^34. 

<54> o]^, £ 4*fl4 ^ X-floflA^ =^(H 2 )3 «>-§- nfl^u|^^ ^ 

£4. 

<55> ^(h?)^ tii-g- t>n^q^ 

<56> <S^o.S s}-4 71^" ^4(CVDH filil El4^-(Ti) * ^5l-&14^(TiN) #4 

-§- t^S^M *H CVD ^wKUnity-EP made by Tokyo Electron) 0 !! PCEM(Pre-C leaning 
Etching Module)^: #4*H • ofl«l ^r*#4£4. ^l^S. ofl«l 

^*^Rr ^-Mtt 4<3 JL#( throughput)^ ^MiH^ *r ^4 4 
M4, 4^(Ar) ^ ^ri(H 2 )» 4-g-^K2-3.*| 7l#4 MAtr #3-4(oxide) 4 
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<57> ^^*V PCEM ^-^S #e>^n>(High Density Plasma) 1 ?] ICP( Induced Coupled 

Plasma)^ % 6 l-g-^H i^^(RF) #*3#534. 

<58> r})^)?. o}22 ^^7|-i7} ^ ^ ifl^ ^5)3 tf^ofl ICP 

»17>^^a^ s.e^P]-7} ^-BflS. ^£)J1 *M 3*1 (wafer )7> ^Eflo]xl 

<59> o}s^-ai> ffrv\] -fj-^ ^ i (H 2 )^ 500°C^ ^>5^#(oxide)4 ^^tiV-g- 

(chemical reaction)-!- H 2 0 ^^S. *4°)$\S.^t] ^7^4. ^ife ^ 

^^a>o]c ^ Bfls ^ol^ofl <^fl^ 3^-E( Co )sq. tiV-§-^ stS(CoH x )^ 

< 60 > ^ ^ MHAi ^4-(H 2 )5f >£-§-sRr ^l-(oxide) ^ S% V M 

<6i> [uV-g-^] l] 

I . Si + 4H + ^SiH 4 T 

<62> H . Si0 2 + 8H 2 + ->SiH 4 T + 2H 2 0 T 

<63> m . Co + xH ->CoH x i 

<64> al^-^Hl ri^ 3^t-(SiH 4 ) ^ H 2 0^ ^^S. ^] 

T^lfe ^s]A}oli=(CoSi 2 )S ^ ^14°l3ir ai^sH ^^H 
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<65> oie|*v tii^-o.^. olsfl slfi^i -tmt!: #3^4 €-S-*l ^r^^H'^ 
^X3} 7 } ^Tfl ^l^L ^^-7}^o]l ^(H 2 )7> 3.%$. ^ lOtifl o]^ 

<67> £ 5 «J £ 6-gr £ ^-8- ^ *1 

^ 51 6^1 Sa^H, 51 1 51 3°\}*\ ^ ^ 7l^o] ^^^o.S. ^4^)} cfl 

*1W^ %3i wis* Af-g-^. 

<68> 51 51- aVsi*)] 7] ^-(10) #°fl 124)1- ^d^L «l51*l) 7) ^-(10) 

Ofl iSL^/^^ <^-g; ^^S}7l ASH," ^^(124)# 3flE^*};4. ^jo^, Vp^^ 

1151^1 7l#(10H <^l-& ^(implantation) ^^S. l-£-l-§; i^i/^-efl^ 
^^(120)1- 3^4. 
<69> ^i/HEfl«y ^<*(120)^ X^ofl s}-*V 71^ ^ £Efe 

^-8: °l-g-*H sjsj) =4? ^aHh ^(122)* oie^V 

JL-^H o)i=Lo^} 7 ) nfl^-ofl H}51^ 7l^-(10)S] til-g-s>7fl £|<H £ 

o.^/SLEl]<?l <g<*(120)^ a^ofl ^ ^S]A)-o]t= #(122)°] ^£tl. £ ^aHH]a^ 
^# ^H># ^ ^ ^^S(Co)» °l-g-'*H i^-^/iELello] <3^(120H 52: 

tl ^S]A>o] = (CoSi 2 ) %WS= ^^M D J, ^^"S Ol^]^ =n-^ 

# Af-g-^H io.^/^efl°J(120) °3<3 S^ofl -Me]Afo)c #(i 2 2)# ^^-fe ^ 
51 3-g-»ii?H ^€4. 
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<?o> ^ ^elAfoic ^(i22)oj tils*)] 7] #(10) A C H1 ^^^(130)^ 3^ 

js., a>^] a|4 ^^ofl o^fl ^<3^(130)# ^^«LS ^45}^ zflS] 

<SN(120)£- ^#Al7l^ ^(132)1- ^ 6^ ^(132)# cf-g-, ^ 

£(132) *g ^Rl II sflx]^M *fl7Rlcf. 

< 71 > £(132)£ T fe^l 7l^-(l0)^- <>1^}~ 4*<HH ^-£^1 7l#(l0) 

£ ^7] ^4 S\JL, SL 6«H| J£^l£ of^- ^o) > 132)2} 

iii/Bsfl^l ^^(120)^1 ^>5f4(134)ol ^^^4. ^ *(132)^ ^ 

^# W ^ ^<fe ^<L> ±^/B.i])9l <3^(120)4 f- 

(132) vfl-M^r ^L>2l-^(134) °l£H£. ^*R V ^£ 31^ 

<72> ^ #(132) vfl<*f| ^^(Ti)/^^^(TiN) *H ^Sj £ 

(132)ofl ^o>ol^ #3^(134) HL^ ^SH 0 * §H , o]^ ^ ^ 

T^Hr 4^-§- oflwl #^^(pre-cleaning)o]E> *lcl. 

<73> je 7^. ^ m-^ofl a g}^ ^tg^ #^£0]^, £ 8 ^ £ ^ 

ofl 4^ JI^4(RF) <*fl^ -£*§*M g-tfl c4-^5lo]cf. IE 9^r £ 4 

<74> i 7 ^ ^s}^, a. ^ofl trf^ ^e)^ ^1(200)^, *M ^tH (210)1- afl^^Hr 

*HH)(205) ( «_K£*ll 7l4(SLA]£]x] e>^-)^ avh^I yfl^sH ^*Rr 
I CP( Inductively Coupled Plasma) ^1(220), 7)&2) f%™6\) ufl^js]^ RF a|- 0 H^ 
^1(230), ^el ^«tH (210) MH1 ^-8" ^*Rr ^H(240), 7l^o) ufl^s]^ *jo§ 4 
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^3(quartz mask)(275), -L^JL 4 <3 4^^(275)21 4-*f# g4 <§^Rr 
4<8 ^(quartz bel 1 jar )(270)# ^444- 
<75> 47] 4<3 4^(275) 4 4^ f4(270)^r 4 1-^1 (210) 44 ^ ^ -§-7j# ^ 

^«H, 4<£ 4^(275)7} 4"^4fe iEflol^ Aj-ofl til-c^ 7 14(10H ^44. 
<76> 3E.4, 4&) ^4 (210)^1 4=^(Ar) 4 4^(H 2 )# -^47) 44 ^#^#4 44 

#^14 44(200)°fl 4444- 4 oj-a.^ ^ ^£^(254) ^ ^ ^-g- i 

£i(256)4 4444, A 4l 4 42 -fHf ^o)7](massflow controller: 

MFCX250, 252)7 r 4444. 41 44 44 71(250)4 4-^(Ar) ^4(254) 4°H^ 
. «J|J±(261)7} 4434, *fll 4^ 444(250)4 ^^1(200) 44°ll : b 42 12*1(262) 
4 44€4". ^4, 42 4^ 444 (252) 4 ^(H 2 ) -^4(256) 444fe 43 «fl« 
(263)7} 4444, 42 44 4471(252)4 ^-^1 (200) 44°Htt 44 «t«.(264)7> 444 

< 77 > 5L 8^ 4 444 4^ #El^ 4^-|- #4471 44 *f-£ol4 > £ 9^ ^ 

°11 4^- *fli Ji^4(RF) <i4^: 4*344 44 4£ 44 44^44. 

<78> £ 7 44 £ 91- #2:44, ^ *4 444 4h4 44(10)-!- 4°J 4^a 
(275) 4^ 4444 *(S10), 4^(240)7} ^444 44 ^4(210) 444 4 
Efll- *§444(S20). 4, 444 ^ 4£#-& 4fe 4^4 44# 44 ^4(210) 4 
s 4<£44 4<3 4^3(275) 4 4<3 114(270)7} ^44^r 44 ^-4<>ll 4444 ^, 
*5(240)f- 4^44 4el 44(210) 4^4 441- W444. 
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<79> 44 ^ Hi (210) 4^7} 44^ 44^14, 4 4*fl 4^:4 3: 

^ 42 ^1^71(250, 252)1- 44 ^(210) 45. o)-5^ ^ 4, 

i7> 4 0 J44. 4^ 4 €444 ^1 ^7}^ *i 4 ^4(210) iflS 

5^€4(S30). 4 nfl 4l €4 7fi4 €44 4 -R-^^- 4l 4 42 4^ *I144 
(250, 252H1 °l*fl4 44^4. 
<80> £ 444 45.4, 4^4 0.01^ lHu| ^4 -fr^£ 4 0.8 -1.24 44 4 

444^, 44°lH4^ ^ 4^7]- 44 4 5sccm(standard 

cubic-centimeters per minute)4 ^HS] 4t!44. -3-44, 4^4 4^- 

€4"7 r ^4 ^44 xJi\~A} 4 44 4£4 4°ti4£ 44 ^4(210)4 4^4 7144 44 
4 ^ ^Tjofl 4^ tt}JrL^ - ol^. 

44 ICP ^1 (220) 4 444^ 44(230)4 ^4^1 41 ^*J-7f^7r «44 

5\o] |g}iD} 7 } ^44^, ^1 €47}^ #4^47> 4-&4 7)4 44 =^44^ ^Sj- 

4 #£#4 44444 ^4(RF) 44 ^^4(S40). 
<82> c 9^4 £A|^ 44 tJ-o], 41 ^sXrf) o]}^ ^0} 4*34^ =-o> o>a^^ 

4t> 444 ^4tr ^44 ^4 4t> 44 444 ^44 4*344. 
<83> ^1 ^4 ^4 ^.^o) 4^344 ^4 ^4(210) 44 43 -^4^ 4 450 °c - 
550t ^§£4 4444, °H1 44 ^4 4^ #44^] 44 444 4*344. 

^4^(Si) 4 44e ^.A>oin(si02)4 4444 4^i4 4e^(SiH 4 ) ^ 

^7l(H 2 0)^ 444^r ^44, ^4 ^4olr= #(120)4 444^r S^-M(Co) 

^ ^i4 4444 ^4 5l4S(CoH x )4 4344 #-4 44 4 

4 44. 4^4 44 4°1, 4 = ^ 4 £44rr €47 r ^°fl 44 jl^4(RF) 4 
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Si + 4H+ ^SiH 4 ( T ), Si0 2 + 8H 2 + ^SiH 4 ( T )+ 2H 2 0( t ) ^ Co + xH -^CoH x ( j )4 

4-§-4»)l 44 4*3€4. 

<84> i^o) aI^pJ 4^-, ICP ^-^1 (220) ^ 4°H^ 4*1(230)3 f-4°l f^4 

£1^4 afll i^4 ^§4 f^4. 

<85> j7^sj- 6(1 * 55 »13 «»jd(261, 263)7} $\5L, ^S(240)7> 

4^44 *1eJ ^(210) ^ 4^ ^ll<H 71(250, 252H 44 7>^# 514 wfl^tVcf 

(S50) . 

<86> 444, tiV£^l 4^(10)£ ^e) ^4(210)^4^ ^M*! rf-g-, 4^r4^ 

^2: ^sfl 4*44(S60). ^o V 7] ^ ^(210)5-43 71^0] Agff 

(240)71- ^444 43 ^4(210) tflofl ^444(S70). 
<87> ^l -fr^ ^1H 71 (250)71- 4^1^ *lll U±(261) ^ ^12 1^.(262)7} <g 21*34 4 

^12 ^^-7}^7} ^El ^4(210) vfl£ 3E«3€PKS80). <>] 7J4, *fl3 "J 

a 4 «!j±(263, 264)^r ^ t^fe 44 ^(210) ifll'E 0 Jsl^l 

4. 

<88> ^1 2 If7}i7l 4, Jl44(RF) ^1447} *H^£l44 o\s^-6\) o} *V f-^ 

47} ^^SlJl, 4^ #4^4* 4-B-4 *fl2 ^44 ^4 4*3€4(S90). 
<89> afli .s44 ofl^i -g-^o] xi^slfe ^4 4^ ^4#(Si), ^4^- 444 

= (Si0 2 ) £ s^-m(Co)4 44 4fe 4^ e-i-ci^ tgEfl^. ^ ^4(270) 

^03 4^(275)4 ##-1- <i^4 7^ ^ Hi (210) 4^1 4^444 44^ 
444^(Si0 2 ) 444 4-§-44 45-£ 141-^ ^44. 4 41 S£ ^41-4 41 ^ 
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^4 *)14 ^4 ^ 44 ^4(210) 44 7>i# afl#^H£ 44 *i4(270) ^ 44 4 

i =1(275 W 7^44 34. 

<90> 44 ^4(210). 4°fl 4^4^ 4 4^ 4^4 44i-£ 44 ^4(210H1 4 

4-*\o_sL 4444, 44 44 ^4£ 44 0)44 av^^ 7 j^g. 

0)^0]]^ sj-E] #5. 444?fl 44- 44 4^1 4^ 4^ ^44^r £4*4 44 

* #444 44, 451^1 4^ ^44 ^-g; 44HL4^ 444 514. 
<91> oje^V sfl444 444 4^ Hj-^ofl o]5}^, ti> 

£*fl 444 444 44 ^4 44 S444 ^ 42 ^7}^ £^44 4 

4 1§4« 444^- *)12 aL^4 ^14 ^r*344. *l)2 n^4 44 ^-41- ^S-f 

^, ^S(240)7> -^444 4^ ^4(210) 44 4-S-#4 44 ^4(210)^-4 ^44 
4. 

<92> £ 10 ^ £ 11^ 44°fl 4^ ^44 ^44 44-1: 4^44 44 44£t-4 

4. 

<93> 51 10-g- 4a44, ^14 #4^4 44^14 4444H ^(120)^ £444 

#3. 4-g- ^44 44 ^44 4444. 
<94> fc^ii 7]4(10) 4-^ 4 ^4 1-C132) i4H^ 44^40 4 4 4444w(TiN) 

44 £44^jg. ^444. 44 44w(Ti) 4 4444^(TiN) 4^ 4^44 44 

4^4(metal barrier) 44 #4^4 #4 44 44 #4(PECVD) -^4°fl 4.^1 

(W)4 #444 4^4(W) #4^(50)# ^444. 



) 
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<95> 



11-8- %^44 , ElEHHTi) ^ 4444i5-(TiN) 4 ^ E ^^1(W) #5^1- 



*1 ^v44 47)14 44(CMP) iE^r ^^(etch back) -^4# ^HKS-^*! , • 

^ *U32)-g- ^flU^Rr #&)Zl(50)t- ^t>4. 4^4 £ 4^ #£*ll ^44 




xft t^ofl *344 Hj-^-g- ^-f , $144 nfl^ofl 4^ 

4^# / #4W/C adder s)-i- 44\H zl^o|p} ( £ 12b ui £ 12c ^ cf^ 14s 

/ ^ W 

*^44 #4^ «<HH 41* 44# ^7>^^r 3144^] nfl^oj] 4^ ufB}u£ zLefliro)4. 



o 



<97> 



4, £ 12b ^ £ 12c ^ A ^44 41- 2i&% ^444 *H44 4^4 14^. 4^ 
7r^# 44\H 444. 

£ 12a» &2i*}&, £ 4# *^44 #4^ tl^m 4-f4^r 43 



4 1r44 4 10^ nil 



44 44^4. 444, £ 12b 4 £ 12c4 £4tr 



^344 #44 #^1-4 4^ 44# ^44 ^44 4^ "fl 43- <S44-7ll 44 



<98> 




I2a4 444 ^eflH^r 4-5. 4 ^ia 4^44 4^4 #4^41- 4-8-44 



41" £4^ ^4i* 0 14. 



<99> 



j7^4 6\}% -^0^4 r] ^o] 4 5sccm4^A4, *U II 



^4 44 ^4 ICP 4^-1- 500W 4 444^ 4^-8: sows- -R-4444 42 ^4 



44 ^4S4(AFTER-V4 ^4). 
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<ioo> c 12a =. %)o]v] o]]^ 4 620*11, 4 1000^1] ^ 4 llOOnfl 7 7 ^1 ^11 43 

# ^7>44 ^^*>7ll ^ 7 >455l44 4^44 £ ^ ol^ o] - £ ^cq ^ 

^ 4^4 ^44 £ £4* f^4?l ^4 #efl4 ^4°-5L # 
el^ 4^4 ^ s 34 44°I4. 

<ioi> £ 12H 444 2^ ^3 4^-4 ^.4 

<102> ci-H 4=l4, 4^ 51 S44^r *)U ^f7^t 444^ 41 -2. 

^4 <« ^3)4 3s 42 i^4 ^n 1 ^ *M ^4 ^ 44 *M7l 

(MFC)* 445^ wfl#4^4. 

<103> ^44^1" 4444 »H J7^4 o)]^j -S|*V ufl ^e) ^ ifl^ ^ 

45L^r 4 500°C-& 4444 nfl^-^l o))^l xMj ^o)3s)^ ^14^ 34 ^4344 
(heat-up step). S4 Cl-2°fl 4^4, ^U 1 4°fl ^H^l* 4^Hr 4*J4 ^444 *r 
^SJ44 44#4 1^44 ^44^4 453^4, 42 .n^4 4^ 

^b]- ^l47l(MFC)» ^444 44$Zfe 4^m afl#4sa4. 

<104> 2-^ ci-3°fl 4^4, 41 ^4 oll^l 4^44 Osccm^-S 4 Si 4 

. 4°J €4(quartz bell jar) ^ 4°J 4^^(quartz maskHl 44£ 444 
(radical) 4 °Z4 ^ 4 ^^- 7 ]-i^4 4^5- 44#°1 ^^144. 

<io5> S £ ci-4^] 4^4, 4i j!t4 ^ -^d4 ^ 4 500°c°il4 4 200 °c 

£. 4^4 4*14^4. 



* 1 00 
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<106> ci-5°1] 4^4, 4^ ^ tiS] afll ^*J-7>^1- A>-g-s}^ ^l JL^S} o\)^ 

4*344, 4^4-i- Af^H *fl44^ ^-sflfil 3-8-*H 

4^43l4(Ar Base). 

<107> ^ Cl-6^11 4^-4, 4 2:4 Cl-51- s£ C1-2°H44 ^-o] oflcg 4^^. 

<108> ^ Cl-7^1 4^^, 4 S£ Cl-51- 4-'.T'-, ofl<* nf^^- 

<109> ^ ci-8o11 4^-4, 4^ 4 ^4 Tfll ^44^-t 4-§-4 *fli ji^nj- ofl^l ^ 

4« -f, 4S^# 4-8-*M 31444 44*Rr *J<3 P}i3f ^1^^^4. 4°J 
4^3* n)14 I CP 500W4J1 4°H^ 4^£: 400W^4(AFTER-V3). 

<no> 2 £ ci-9^1 4-^-4, 4 ^4 Cl-8(AFTER-V3)o)H 444^ 4444 &4 

4<3 ik A $t t £ A oK damage)!- sli^^ 4534(AFTER-V2) . 

<in> ^ ci-HH 4^4, of 2^ tf,^ 41 xf7}if 4-8-44 41 ^t4 °\)$ 
#3-§- 4*344, 4=^4^- 4-§-44 ^l^4fe ^efl^ 2:4(Ar Base)^r ^-g-s>^0.4, 
*fl2 4 ^ Cl-8(AFTER-V3)-§: ^-§-4534. 

<ii2> on- 4444 4-8-4 <ii>4 44. 

<113> 



a i no 
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1^1] 



&4 






h|jl 


n-i 


ni / 1 oil/ 


Ar/Ho RR oil MFC ° J lO^^ 0 !- & 


rvi i \ZjI\ v 1 


Ll-2 


Heat -up skip 


A „ / 1 1 r>T? <~Jl ^1 -7I ^il 1 1 1 s r- r\r\ =3 ■> — —,1 -7J 

Ar/M2 RE <> il ; c) 'JI 5(X)C-sL °1|s 0 rTr ^r A 3 
-§- ^^(^1 AFTER-Vl^H) 




Cl-3 


w/o HZ 


H 2 SM *l|l RF °H^J ^1*3 




Cl-4 


500 >200°C 


200°C3. 




Cl-5 


Ar Base 


-^-e]|o| Ar7|t SSI: aj-g- 




Cl-6 


Ar+heat-up skip 


Ar base i£^H| heat-up skip 




Cl-7 


Ar+heat-up 


Ar base . heat-up ^-§- 




Cl-8 


Quartz etch 


Ar/H 2 RF «H| ^ ^ *1 <H|^ 
(1CP power :500W/Bi as power :400W) 


AFTER-V3 


Cl-9 


Quartz no etch 


AFTER-V3<>lHBias power :0W 


AFTER-V2 


Cl-10 


Ar+Quartz etch 


Ar base AFTER-Y3 3-8- 





<1H> [1 1] * i 12b£] 44V* 44 £4, ^444^ #4^ 

51 12a<>i] 444 ^4^4 ^4*M1 ^1 44#4. ^, £ t^°fl 4€- ^12 12^4 

<H5> 51 12c^ll 444 ^ 2^4 ^aflaj Cf-g-4 ^-Cf. 

<ue> i^i C2-H 4 = 4 ^ Cl-KAFTER-Vl)^ ^-§-4^4. 

<ii?> ^ C2-2<^)] 4^4, 4 2?1 C1-8(AFTER-V3H4 4°14i 50WS ^^JL 

( AFTER- V4) , *fl2 H^4 -g-^-g- of 2 o^S ^4^4. 
<ii8> 2^ C2-3^] 4 = ^, 2^ C2-2°fl4 t3>o]<^^ ^a-a. 60WS ^7 r 44 40]^^ 

<H9> 2:^ C2-4o|| 4^, 4 2:4 C2-2^14 444^ 4^ 70WS. ^7]-44 4°Hi 
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<120> 3,7^ C2-5^1 4^-<£, 2:^ C2-2^1^ *]|2 <^%1 ^-|r ^ 40££S ^7}?]- 

534. 

, <i2i> 2:^ X2-6^1 4^, ^ ^ C2-2i^ ^2 JL^r4 ^ 60^5. ^7]-S} 

<122> ^ C2-7ofl 4-^, ^ 2-^. C2-6i^ ^2 J1^4 ofl^l ^-g- 40)0^ ^§3^- 
0W5. ^^5*4. 

<123> C2-8°fl 4^, ^ S3 C2-64H ^]2 Jl^4 ^^§^r lOOs ^S.^ 

711 #^SS4. 

<i24> £-71 C2-9^1 4-^, ^ S^i C2-2( AFTER- V4HH *]e| ^4 ^ ^|o] 7 l(MFC) 

4 1203: ^M$4. 

<125> 3.3 C2-10^1 4^, 4 C2-2(AFTER-V4HH ^1 JZ^4 <^ ^4 ^ 

200V & 5}34. 

<126> o]^- ^ejsf^ 4-g-4 <g_ 2>4 £4. .; ' 

<127> 
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IS. 2] 











C2-1 


Af ter-Vl 






C2-2 


After-V4 B50W 
T=20 


^IS^cMH Bias power=50ff(^I44^) 
etch tune-zUi 




C2-3 


V4,B60W,T=20 


^)43j-^°fl A 1 Bias power=60W 




C2-4 


V4,B70W,T=20 


44^*cMH Bias power =70W 




C2-5 


V4,B50W,T=40 


^]44^°f| A i each time-40^ 




C2-6 


V4,B60W,T=60 


^|44^°H^ etch time-60^(^|5^f^) 




C2-7 


V4,B0W,T=60 


^|54^°i( A 1 Bias power=0ff' 




C2-8 


V4,B50W,T=100 


^|54^°H A i etch t ime^lOO^ 




C2-9 


V4,B50W,T-60,vac= 
120 


^]44^°ll A i pumping time=120^ 




C2-10 


V4,B50W,T=60,temp 
=200 'C 


m?m<%*\ 2oo°c-r^i 





<128> [s. 2] 4 51 12c4 44°fl 444 44 4^4451 44#4 #7}4 

£ 51 12a^| 44tf ^4*2-4 ^44^1 ^A] 44#4. ^, £ #^ofl rrj-s ^2 JZ^4 
°fl4) ^« 3-f<Hl*r 44t4 Jl^-^O-S. 4444^r 4# 4 T $14. 

[444 ±4] 

<129> £ ^ofl X|! Jl^B)- ofl^l ^oflA} t-^(H 2 )-» 4^4^3.4 ^ 44 . 

tf£ a^SHfca cfla] #4^ -g-444 &4. 

<i3o> a^r, 4? Ji^4 413 ^cHH ^ 8H 44 ^^^s^l tfl4 

44# ^ 44. 

<i3i> 4^4 4^ Q Q ] t a. ^44 44^ 44^11- 43^H 444444 *H4 4# 
£44 ^£4 44444 444 44^44i 4^4 £ 444 44 4 °J4^5.^ 
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a -i on 
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l] 

^ LflojjA^ ^^(H 2 )# Ifffb ^W-^s] 

[^T^ 2] 

^11%H1 A oM ^ ^-Aj-olnL(Si0 2 )^ 3^ 

3] 

4] 

5] 

r 

0.8 - 1.2*1 ^^'M *}^r ^3 #2^ 0 o v ^. 
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6] 

^5:Rr #7] iga] 450°C ~ 550 £S| •?*-§- 

7] 

A oM ^e) ^ g)«-i- ^ #7)); 

3!«H o>e^( Ar ) ^(H 2 )# if-^fe ^1 -^f-7>i:# H^Hr £ 
A oM *JB] 71^11- «B#^ #7fl; 

^7) *JtH ^-^o.^ ^74); 

A o v 7l *JeJ ^^ofl o].h^ i^l-^.yj^M A)2 ^7\^% £<^Rr £31; £ 

^71 *fl2 ^7}^ §e}^n>l- oj-g-^H A oM 7^ ^tH vfl-f # ofl^Rr ^Xlf" 



4 I O/^L 
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[$7-® 8] 

47*M $7} «}5L^ 7}%$- $7} ^t]]o}*} ^ ^>(belljar)5. 

^21 £*H| ^1 ^])0}7] ^ #7] - 3^5: gj-vj.^. 4*-A}.o]«= 

S- ol^^l ^-|- ^K 1 ^ *m ^*H3 "t^N y o V ^. 
[37*8" 9] 

^]7%H1 91°]*), #7] 4l ^7}^2) #^pfl- ol-g-cjj-aj ^-71 ^-£^11 7^ ^ 
lr£#-§r oWKr #7iHH A d"7l £51^ 450 °C - 550°C^1 3# 

101 

^17*oH1 9i°]*\, -<$7) 42 ^7}^ o}B^£-S- tM^sM, #7] aflj ^7}^ 

[3t**8- 11] 

0.8 ~ 1.2«y 
12] 

ti>£^] 7]^-§- iflofl o^a}?)^ #31; 

A o v 7] *M ^ ifl^A^ ^^(H 2 )# 3U ^7}^°\ #5^}*- ^l-8-*H 
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±7} ^ . 

13] 

^7\±$ %&°-S. ^ <?Rr #5.$} ±*\ 42. 

[^^} 14] 

£*fl ^7} ^2: y 0 >^ . 
15] 

0.8 ~ 1.2*1 s-^o.S. «VE*H i4 $}3i 

i^^} 16] 

^ 1-^1-^ ^R^Rr £3HH av 7 ) ^ jgHj L ^ 450 » c > 55or^J 3^ ^-^ 

^ ^-£^1 ^7} « 0 V^. 
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45 50 40 
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)4l 
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[51 8] 



i ~ 

r — 



i 



S10 

S20 
S30 



i 

*ibi ^ mo| 7|S»bi5 K 

1 



r 

S40 




S50 
S60 



— I/-S70 



i 



S80 
S90 



^ "1 o/» 
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[5L 9] 



> 


SiH 

j 


4 h 


CoHx 




> 









130 



[H 10] 




122 120 
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[£11] 



45 50 40 



130 




1 22 1 20 



,i 1 na 
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[5. 12a] 

P/C adders(ea) 
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